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6 BB events collected with the BABAR detector at the PEP-II storage rings at the Stanford Linear Accelerator Center, we measure the branching fractions of seven color-suppressed 
→D
( * )0 h 0 cannot occur in this fashion. The quark from the decay of the virtual W Ϫ must be combined with some antiquark other than its partner from the W Ϫ . However, other antiquarks will have the right color to make a color singlet only one-third of the time. As a result, these decays are ''color suppressed.'' The tree level diagrams for the colorallowed and color-suppressed decays are shown in Fig. 1 Table I the prior measurements of branching fractions of the B 0 color-allowed and color-suppressed decays. The level of color suppression can be estimated from the branching fractions for the D ( * ) and D ( * ) decay modes. Since QCD calculations of decay rates from first principles are at present not possible, we must rely on models to describe the above processes. In an early model ͓7,8͔, the ''naive'' ͑or ''generalized''͒ factorization model, which is very successful in describing charmed meson decays, the decay amplitudes of exclusive two-body nonleptonic weak decays of heavy flavor mesons are estimated by replacing hadronic matrix elements of four-quark operators in the effective weak Hamiltonian by products of current matrix elements. These current matrix elements are determined in terms of form factors describing the transition of the B meson into the meson containing the spectator quark, and a factor proportional to a decay constant describing the creation of a single meson from the remaining quark-antiquark pair. In this approach, the decay amplitudes corresponding to Figs. 1͑a͒ and 1͑b͒ are proportional to a 1 and a 2 ͓9͔, respectively, where the a i are effective QCD Wilson coefficients. As an example, using the naive factorization model, the decay amplitude for the B 0 →D ϩ Ϫ mode corresponding to Fig. 1͑a͒ can be written as ͓9͔
while the decay amplitude for the B 0 →D 0 0 mode corresponding to Fig. 1͑b͒ can be expressed as ͓10,11͔
where G F is the Fermi coupling constant, V cb and V ud are CKM matrix elements, f and f D are the decay constants of the and D mesons, and F 0 B→M (q 2 ) are the longitudinal form factors of the B-meson decays to M mesons at momentum transfer q 2 . The coefficients a 1 and a 2 are real in the absence of final-state interactions ͑FSI͒ and are commonly postulated to be process independent in the limit of the naive factorisation model ͓7-10͔.
The color-allowed B color-allowed and color-suppressed decays. When two uncertainties are given, the first uncertainty is statistical and the second systematic. We also quote the 90% confidence upper limits ͑UL͒ when the statistical significance of the measurement is less than four standard deviations. tent with a universal value of a 2 in the absence of FSI ͓10͔. The naive factorization model ͓9,10,13-17͔ predicts too small values for the branching fractions of the colorsuppressed modes, in the range (0.3-1.7)ϫ10 Ϫ4 and corresponding to a factor (a 2 /a 1 ) 2 Ӎ0.03-0.09. Final state interactions, however, may change this picture significantly and, thus, may increase substantially these rates, as rescattering effects can connect the final states shown in Fig. 1͑a͒ and Fig. 1͑b͒ ͑see, for example, Ref. ͓16͔͒. In the past, similar effects have completely changed the conclusions of the models that describe nonleptonic D 0 decays, especially for decay modes such as D 0 →K 0 0 ͓18͔. Therefore, in the case of large FSI, a description in terms of isospin amplitudes is more appropriate and will be used in Sec. IX B to discuss our results.
This situation is an impetus for higher precision results and the investigation of additional channels that might provide clues to the underlying mechanisms. In this paper we report on the branching fraction measurements of the seven color-suppressed B 
II. THE BABAR DETECTOR AND DATA SAMPLE
The BABAR detector is located at the PEP-II e ϩ e Ϫ storage rings operating at the Stanford Linear Accelerator Center. At PEP-II 9.0-GeV electrons collide with 3.1-GeV positrons to produce a center-of-mass energy of 10.58 GeV, the mass of the ⌼(4S). The data used in this analysis were collected with the BABAR detector and correspond to an integrated luminosity of 81.9 fb Ϫ1 recorded at the ⌼(4S) resonance.
The BABAR detector is described in detail in Ref. ͓19͔. Surrounding the interaction point is a 5-layer double-sided silicon vertex tracker ͑SVT͒, which gives precision spatial information in three dimensions for charged particles and measures their energy loss (dE/dx). The SVT is the primary detection device for low-momentum charged particles. Outside the SVT, a 40-layer drift chamber ͑DCH͒ provides measurements of the polar angles and of the transverse momentum (p T ) of charged particles with respect to the beam direction, together with the SVT. The resolution of the p T measurement for tracks with momenta above 1 GeV/c is p T /p T ϭ0.13%ϫ p T ϩ0.45%, where p T is measured in GeV/c. The drift chamber measures dE/dx with a precision of 7.5%. Beyond the outer radius of the DCH is a detector of internally reflected Cherenkov radiation ͑DIRC͒, which is used primarily for charged-hadron identification. The detector consists of quartz bars in which Cherenkov light is produced when relativistic charged particles traverse the material. The light is internally reflected along the length of the bar into a water-filled volume mounted on one end of the detector. The Cherenkov rings expand in the water volume and are measured with an array of photomultiplier tubes mounted on its outer surface. A CsI͑Tl͒ crystal electromagnetic calorimeter ͑EMC͒ is used to detect photons and neutral hadrons, as well as to identify electrons. The resolution of the calorimeter can be expressed as E /Eϭ2.3%/(E) 1/4 1.9%, where E is measured in GeV. The EMC detects photons with energies down to 20 MeV. The EMC is surrounded by a superconducting solenoid, which produces at 1.5-T magnetic field. The instrumented flux-return ͑IFR͒ consists of multiple layers of resistive plate chambers ͑RPC͒ interleaved with the flux-return iron. The IFR is used in the identification of muons and long-lived neutral hadrons.
Signal and generic background Monte Carlo events are generated using the BABAR particle decay simulation package ͓20͔, the ''EvtGen'' package. The interactions of the generated particles traversing the detector are simulated using the GEANT4 ͓21͔ program. Beam-induced backgrounds, which varied from one data-taking period to the next, are taken into account in the simulation of the detector response. This is done by adding the signals generated by these beaminduced backgrounds to the simulation of the various physics events.
III. PARTICLE RECONSTRUCTION AND COUNTING
OF BB EVENTS Charged-particle tracks are reconstructed from measurements in the SVT and/or the DCH. The tracks must have at least 12 hits in the DCH and p T Ͼ100 MeV/c ͓22͔. In the case of the tracks used to reconstruct Ϯ mesons, we also use tracks reconstructed with the SVT alone ͑see Sec. IV B 1͒. The tracks must extrapolate to within 20 mm of the e ϩ e Ϫ interaction point in the plane transverse to the beam axis and to within 50 mm along the beam axis. Charged-kaon candidates are identified using a likelihood function that combines dE/dx and DIRC information. The likelihood function is used to define tight and loose kaon criteria as pion vetos. To satisfy the tight kaon criterion, the track must also have p Ͼ250 MeV/c and make an angle with respect to the electron beam direction, which is used as the reference axis for all the polar angles, between 0.45 and 2.50 rad so that the candidate is within the fiducial region of the DIRC. Photons are identified by energy deposits in contiguous crystals in the EMC. Each photon must have an energy greater than 30 MeV and a lateral shower shape consistent with that of an electromagnetic shower. The measurement of branching fractions depends upon an accurate measurement of the number of BB meson pairs in the data sample. We find the number of BB pairs by comparing the rate of spherical multihadron events in data recorded on the ⌼(4S) resonance to that in data taken off-resonance. This latter data sample is collected 40 MeV below the ⌼(4S) resonance and corresponds to an integrated luminosity of about 10 fb Ϫ1 . The purity of the multi-hadrons events is enhanced by requiring the events to pass selection criteria based on all tracks ͑including those reconstructed in the SVT only͒, detected in the fiducial region 0.41ϽϽ2.54 rad and on neutral clusters with an energy greater than 30 MeV, in the fiducial region 0.410ϽϽ2.409 rad:
There must be at least three tracks in the fiducial region. The total energy of the charged and neutral particles in the fiducial region must be greater than 4.5 GeV.
The ratio of the second to the zeroth Fox-Wolfram moment ͓23͔ must be less than 0.5. All tracks and neutral clusters defined above are used.
The event vertex must be within 5 mm of the nominal beam-spot position in the plane transverse to the beam and within 60 mm along the beam direction.
These requirements are about 95.4% efficient for BB events as estimated from Monte Carlo simulation. The systematic uncertainty on the number of BB events is 1.1%.
IV. MESON CANDIDATE SELECTION

A. General considerations
The color-suppressed B 0 meson decay modes are reconstructed from D 0 or D* 0 meson candidates that are combined with light neutral-meson candidates h 0 ( 0 , , , and Ј). Events are required to pass the selection criteria used for BB counting listed in Sec. III. Additional requirements discussed below are applied to the signal sample.
We combine tracks and/or neutral clusters to form candidates for the mesons produced in the B decays. Vertex constraints are applied to charged daughters before computing their invariant masses. At each step in the decay chain we require that mesons have masses consistent with their assumed particle type. If daughter particles are produced in the decay of a parent meson with a natural width that is small relative to the reconstructed width, we constrain the meson's mass to its nominal value. This fitting technique improves the resolution of the energy and the momentum of the B The momentum of the h 0 candidate must satisfy the condition 1.3Ͻp*Ͻ3.0 GeV/c. This requirement is loose enough that various sources of background populate the sidebands of the signal region. These sidebands are used in the background estimate for the signal. 
selection
The meson is reconstructed in its ϩ Ϫ 0 decay mode, employing a vertex constraint that requires a 2 probability greater than 0.1%. To reduce combinatorial background, the charged pion candidates must have momentum greater than 200 MeV/c and they must fail the tight kaon criterion, while the 0 must have an energy greater than 250 MeV and a mass in the range 120-150 MeV/c 2 . The mass resolution of the is dominated by its natural width of approximately 10 MeV/c 2 . The use of additional angular properties in the meson decays will be described in Sec. IV D 1.
Ј selection
We reconstruct the Ј meson in its The momentum of the D ( * )0 mesons must satisfy the condition p*Ͼ1.5 GeV/c. As for the light neutral-hadron selection, this requirement retains sidebands, which can be used to evaluate backgrounds.
The D 0 mesons are reconstructed in three decay modes:
The 2 probability for the vertex fit of the charged pions is required to be greater than 0.1%. In the K Ϫ ϩ final state the kaon candidate must satisfy the pion veto requirement, while in the K Ϫ ϩ 0 and K Ϫ ϩ ϩ Ϫ final states the kaon candidate must satisfy the tight kaon criterion because of the increased background present in these combinations. All pion candidates must fail the tight kaon criterion.
To reduce combinatorial background in the K Ϫ ϩ 0 final state we use the results of the Fermilab E691 experiment ͓24͔, which determined the distribution of events in the Dalitz plot. This distribution is dominated by the two possible 
D. Selection of B candidates
Event shape and angular distributions
Both BB events and u, d, s, and c quark-antiquark events contribute to the combinatorial background that does not peak near the nominal B mass. To reject u, d, s, and c components we use shape variables and angular distributions that distinguish these from the signal BB events.
Because the u, d, s, and c continuum events are jetlike, while B meson decays produce spherical events, we can suppress them by requiring that the ratio of the second to the zeroth Fox-Wolfram moment ͓23͔ must be less than 0.5 as described in Sec. III. For each reconstructed B 0 candidate we compute the thrust and sphericity axes of both the candidate and the rest of the event, using only the tracks and neutral clusters as defined in Sec. III. We define the angles thr and sph between the axes of the B 0 candidate and the rest of the event. The distributions of ͉cos thr ͉ and ͉cos sph ͉ peak near 1.0 for u, d, s, and c background while they are nearly flat for B decays. Thus we require at least one of the conditions ͉cos sph ͉Ͻ0.85 or ͉cos thr ͉Ͻ0.85 to be true for the
, and D ( * )0 modes. Since the two angles thr and sph are strongly but not completely correlated for signal events, the relative signal efficiency for this requirement is close to 92%. This is larger than the relative signal efficiency of about 85% if only the requirement ͉cos thr ͉ Ͻ0.85 is applied, while the background rejection is about the same.
For the D ( * )0 0 , D ( * )0 , and D ( * )0 final states we also take advantage of the sin 2 B * distribution of the polar angle B * . This quantity is the angle between the B momentum vector and the beam axis in the ⌼(4S) rest frame. We only keep the candidates that satisfy ͉cos B * ͉Ͻ0.8 as the distribution is almost flat in ͉cos B * ͉ for combinatorial background.
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For the D ( * )0 Ј channels, we have seen that the event yield is expected to be small. In order to keep the signal acceptance as high as possible, we use a more complex scheme. We require ͉cos thr ͉Ͻ0.9 and then calculate a Fisher discriminant ͑F͒ that combines eleven variables ͓25͔. Two of these are the two polar angles B * and T , where T is the angle between the B candidate thrust axis and the beam axis in the ⌼(4S) rest frame. The other nine are the scalar sums of the energies of all charged tracks and neutral showers ͑except those used in the B candidate reconstruction͒ binned in nine 10°polar angle intervals relative to the B candidate thrust axis. The separation between the means of the signal andbackground distributions of the F variable is 1.2-1.3 times the width of either distribution. For the D 0 channel where the is necessarily longitudinally polarized, we use the properties of the distributions of two additional angles. The angle N is the angle between the normal to the plane of the three daughter pions in the center-of-mass frame and the line-of-flight of the B meson in the rest frame. The angle D is the angle, in the rest frame of one dipion, between the third pion and either of the other two. The signal events are distributed as cos 2 N and sin 2 D , while the corresponding cos N and cos D distributions are nearly flat for combinatorial background. We select only events in a region of the three-dimensional parameter space of the angles B * , N , and D that has high signal efficiency. This region is defined by
Ͻ1. ͑5͒
In the D* 0 channel, the polarization is not known a priori and we apply only the requirement given by Eq. ͑3͒. 
Ͻ1. ͑6͒
For the D* 0 Ј final state we only require ͉cos hel ͉Ͼ0.4 since the angle B * is already included in the definition of F.
Multiple B candidates
After applying the above selection criteria, a small fraction of events have more than one B candidate. The average multiplicity of B candidates for the data events is between 
where 
B candidates and background yields
Two kinematic variables are used to isolate the B-meson signal for all modes. One is m ES , the beam-energysubstituted mass. The other is ⌬E, the difference between the reconstructed energy of the B candidate and the beam energy in the e ϩ e Ϫ center-of-mass frame. Both quantities use the strong constraint given by the precisely known beam energy ͑the average value of the beam energy is known to within a fraction of an MeV͒. The beam-energy-substituted mass is defined as We perform an unbinned maximum likelihood ͑ML͒ fit to the m ES distribution to extract the number of signal candidates (N cand ). A fit to the m ES distribution allows us to model the signal and background shapes with a well known, simple, and universal function, independent of the B decay mode analyzed.
In the fit the signal component is modeled by a Gaussian distribution whose is constrained to the value obtained from the signal Monte Carlo separately for each B 0 decay mode. The value of N cand is computed from the fit within the m ES signal region defined earlier. The background component is modeled by an empirical phase-space distribution ͓26͔ ͑henceforth referred to as the ARGUS distribution͒:
where m 0 is set to a typical beam energy ͑5. The number of peaking-background events (N pb ) is small relative to the nonpeaking background but it is dangerous because the peaking-background events lie in the signal region. Peaking background comes also from color-suppressed decays in B 0 B 0 events that are incorrectly reconstructed. This small contribution (N CF ) is evaluated separately and thus does not contribute to the value of N pb , as discussed in Sec. V. Altogether we write the total number of background events (N bkgd ) in the signal region as
Finally, the number of signal events is calculated as
The values of N cand , N npb , N pb , N CF , S, and the statistical significance of the signals for the B 0 decay channels studied in this paper are listed in Table II The peaking background is estimated with a ML fit to the Monte Carlo samples, using a Gaussian distribution for signal and an ARGUS background distribution, just as for the data ͑see Sec. IV D 3͒. We constrain the ARGUS shape pa-rameter to be the same as the one obtained for the corresponding data m ES distribution. The normalization of the ARGUS function is a free parameter as are all parameters of the Gaussian. The values of the parameters of the Gaussian distribution for the peaking-background events are expected to be different than that for signal events. The mean value of the Gaussian distribution is possibly different from the B mass and the resolution is expected to be larger than the nominal value for signal events, which is about 3 MeV/c 2 . The peaking background is taken to be the area under the Gaussian distribution in the signal region 5.270Ͻm ES Ͻ5.290 GeV/c 2 (5.273Ͻm ES Ͻ5.286 GeV/c 2 for D ( * )0 Ј channels͒, normalized to the luminosity of the data. Table II gives the estimate of the number of peaking-background events to be subtracted from the fitted candidate event yields in the data for each of the various channels. For each channel, the number is the sum of the various contributions estimated from the BB background Monte Carlo samples. As this number is extracted from Monte Carlo simulations, we use the statistical uncertainty associated with this quantity as a systematic uncertainty for the branching fraction measurements. The systematic uncertainty due to the constraint applied to the ARGUS parameter , which is fixed to the data value in the ML fit to the various Monte Carlo m ES distributions used for the peaking-background computation, is small or negligible. This systematic uncertainty is estimated by recalculating the peaking background when using two other fixed values for . These two values are computed from ML fits to two m ES distributions obtained with the Monte Carlo simulation. One distribution corresponds to the sum of all the normalized contributions from the various background sources ͑peaking or nonpeaking͒ only. The second one also includes the expected contribution from the signal events. It is found that the values of for the two types of Monte Carlo m ES distributions are very close ͑within the statistical uncertainties͒ to the corresponding data value.
B. Peaking backgrounds from other color-suppressed modes
Signal event yields must be corrected for cross-feed between color-suppressed modes. Cross-feed occurs when a true decay chain of type k is erroneously reconstructed as a candidate decay chain of type j. This will bias the signal yield for events of type j if such events of type k enter the signal region. Cross-feed to each signal from B 0 →D ( * )0 h 0 decays is investigated using signal Monte Carlo samples for these decay modes. In the end, we find that the contribution of cross-feed is for the most part less than half the statistical uncertainty in the signal. 
→D
0 ␥ is non negligible. These cross-feed contributions peak at the same m ES as the signal, but are shifted in ⌬E.
The number N k→ j of events of type k entering the signal region for type j is given by
where N(BB ) is the number of BB pairs and B k is the branching fraction of the decay chain k including the B 0 branching fraction. A k→ j denotes the probability for an event of type k to enter the signal region for decay mode j. The probability A k→ j is estimated from the Monte Carlo simulation as 
Here, S MC,k→ j is the number of events of type k entering the signal region for decay mode j and N gen,k is the number of generated Monte Carlo events. It is convenient to introduce the fractional cross-feed quantity
For a given candidate event of type j, the probability that it is generated by one of the possible cross-feed contributions can be expressed by the fraction F CF ( j) given by
or, using Eq. ͑15͒, by
In what follows, Ϫ4 , respectively. In the latter case the assumption of such a large value for the branching fraction is likely to be an overestimate; yet the D ( * )0 0 decays do not generate any significant cross-feed contributions to any of the modes studied in this paper. Table III shows the total contributions from cross-feed to each mode reported in this study. The dominant sources are also shown in decreasing order of importance. The number of cross-feed events, N CF , is calculated as the difference between the number of candidates in the data and the number of other peaking-background events estimated from the Monte Carlo simulation, which includes no signal, multiplied by the fractional cross-feed:
The corresponding number of cross-feed events is listed in Table II Fig. 2͑a͒ represents the ML fit to the sum of the ARGUS and Gaussian functions. In Fig. 2͑b͒ 
below approximately one pion mass and the veto is less effective in the signal region, where only a few percent of the background events are rejected. The veto is nevertheless very useful because it decreases the ⌬E distribution in the region just below the signal region, thereby reducing the likelihood that the finite energy resolution will shift events from the negative ⌬E region into the signal region. The precise determination of the resolution here is related to the resolution of the EMC for relatively energetic 0 mesons. Removing a large fraction of these background events at and below the lower signal region limit reduces substantially this uncertainty. Even after the veto is applied, as it can be seen in Fig. 2͑b͒, Ϫ3 . Because some of the backgrounds listed above are possibly shifted in ⌬E by more than the mass of one and because the mass selection is quite tight (Ϯ10 MeV/c 2 around the nominal mass͒, the Monte Carlo simulation indicates that no events originating from such modes are selected within the signal region. We checked the effect of widening the signal region to ͉⌬E͉Ͻ110 MeV. Due to resolution effects more background events in the ⌬E sideband region migrate into the wider ⌬E signal region; we observe that in that latter case about 10% of the total BB background is generated by 2 around the nominal mass͒ and the angular selections, the Monte Carlo simulation indicates that no events originating from such modes are selected within the signal region. Thus, it is found that the peaking background is small for that decay mode.
The yield of the fitted candidate D 0 events and the numbers for the various background contributions to this decay mode are listed in Table II . implies that the contribution from this background in the signal region is not expected to be important. We estimate from the Monte Carlo simulation that 16% of the total B ϩ B Ϫ background in the signal region originates from D ( * )0 Ϫ modes. No contribution to the B 0 B 0 background from the D ( * )ϩ Ϫ decays has been found. The fractions remain the same when the ⌬E range of the signal region is extended to ͉⌬E͉Ͻ100 MeV. Again, this confirms that this type of background is uniformly distributed in ⌬E over the signal region and rules out any significant contribution to the peaking background from these decays. We also find that D
events contribute about 5% of the total BB background. It should also be noticed that the Monte Carlo simulation includes processes such as
with non-mesons ϩ Ϫ 0 decays. And for the same reasons as for the D 0 mode, the peaking background for this decay mode is found to be negligible.
The yield of the fitted candidate D* 0 events and the numbers for the various background contributions to this decay mode are listed in Table II . The statistical significance of the signal is 6.1. Figure 5͑b͒ shows the ⌬E distribution with 5.273Ͻm ES Ͻ5.286 GeV/c 2 . According to the Monte Carlo simulation, the peaking background in this channel is negligible. As reported in Table II, Figure 5͑d͒ shows the ⌬E distribution with 5.273Ͻm ES Ͻ5.286 GeV/c 2 . According to the Monte Carlo simulation the peaking background is negligible. As reported in Table II, 
VII. BRANCHING FRACTIONS
The acceptance A for signal events is estimated from signal Monte Carlo as where S MC is the number of events in the signal region that pass the selection criteria and N gen is the number of generated signal Monte Carlo events. The selection efficiencies for each mode are obtained from detailed Monte Carlo studies in which the detector response is simulated using the GEANT4 ͓21͔ program. The efficiencies of tracking, detection and reconstruction in the EMC, vertex fitting, and particle identification have been measured in control sets of data and compared with their Monte Carlo simulation. We correct the acceptance for differences between data and Monte Carlo simulation of these effects by using precise correction factors that are applied to each track ͑for track reconstruction efficiency͒, to each photon, 0 , ͑␥␥͒ ͑for neutral cluster detection efficiency and energy resolution͒, to each kaon candidate ͑for particle identification efficiency͒, and to each vertex-fit ͑for vertex-fit efficiency͒. Most of these corrections depend upon the polar angle and momenta of the tracks and neutral clusters and some also depend on the running conditions. Tracking efficiencies are determined by identifying tracks in the SVT and measuring the fraction of tracks that are reconstructed in the DCH. The ␥ and 0 efficiencies are measured by comparing the ratio of the number of events N( 
→D*
decays is used to determine the vertex-fit efficiency corrections.
The acceptances A obtained with Eq. ͑19͒ and the corrected acceptances A corr are listed in Table IV . The last column in Table IV lists the values of the overall efficiency E defined as
where
is the product of the branching fractions associated with the secondary decays of the D* 0 , h 0 , and There are variations between the acceptance and branching fraction for the three D 0 decay modes leading to similar values of E for the three modes. A similar conclusion holds for other B 0 →D ( * )0 h 0 final states. To obtain branching fractions, the number of background subtracted signal events, S, is divided by the number of BB events in the data sample, N(BB ), and the overall efficiency, E:
These branching fraction calculations assume equal production of B 0 B 0 and B ϩ B Ϫ pairs at the ⌼(4S) resonance.
VIII. SYSTEMATIC UNCERTAINTIES
Systematic uncertainties are associated with the acceptance corrections discussed in Sec. VII. The uncertainties from the tracking-efficiency corrections are 0.8% per charged track. To take into account uncertainties caused by the vertex reconstruction, we assign a systematic uncertainty equal to 1.1% per two-track vertex and 2.2% per four-track vertex. For particle identification the uncertainty is 2.5% per K Ϯ track. The uncertainties from the requirement that all the Ϯ daughters must fail the tight kaon criterion are negligible. Uncertainties in the acceptances for photon detection account for imperfect simulation of photon-energy and position resolution, thus affecting 0 and reconstruction effi- These uncertainties are summed in quadrature, together with other corrections that depend upon the energy of each ␥ used to reconstruct the mesons. We consider systematic uncertainties from other sources. For the cross-feed fractions an uncertainty equal to 25% of the estimated fraction accounts for uncertainties in the branching fractions reported in this study and used in the cross-feed determination. This value is chosen conservatively; it corresponds to the branching fraction measurement with the largest uncertainty reported in this paper ͑see Table  VIII͒. The effect of the specific ⌬E range used to define the signal region and based on the resolution measured from the Monte Carlo simulation has been estimated by varying the limits of the range by Ϯ0.5 . The observed variations in the branching fraction are used to determine the systematic uncertainty from this source. In the case of the D ( * )0 0 modes, we vary the lower limit on the signal region definition (Ϫ90Ͻ⌬EϽ100 MeV) between Ϫ110 and Ϫ60 MeV. Therefore, this procedure also accounts for uncertainties in the peaking-background estimates that are caused by the systematic uncertainty of the energy resolution that originates from the EMC.
To evaluate the systematic uncertainty associated with using the m ES resolution taken from the Monte Carlo simulation in the fit to data, we also let it vary freely in that fit and half of the variation in the yields is taken as the systematic error. We also investigate the uncertainties in the combinatorial background due to setting the value of the ARGUS shape parameter to the value obtained in the fit to the data m ES distribution in the upper ⌬E sideband ϩ6Ͻ⌬E Ͻ350 MeV. For the D ( * )0 Ј analyses, the value of is obtained from the ⌬E sidebands ͑see Sec. IV D 3͒. We therefore vary the value of by one standard deviation of the statistical error. In each case we take half the variation observed as the systematic uncertainty. Finally, the sum of the systematic errors from the ARGUS shape parameter and the fixed Gaussian width is taken as the systematic error for the m ES fitting procedure. Systematic uncertainties in the peaking background determination arise from the limited knowledge of branching fractions and from statistical uncertainties in the number of TABLE VI. Systematic uncertainties of the measured branching fractions in percent. The symbol ''-'' indicates that the systematic uncertainty is negligible. 
→D
( * )0 Ϫ background and we include in the uncertainties half of the relative variation of the branching fraction. Finally, we have explained in Sec. V A how the systematic uncertainty related to the fitting method used in the calculation of the number of peakingbackground events is estimated. The variation of the branching fraction due to the latter effect is small or negligible ͑4% at most͒ but is included in the systematic uncertainty from peaking background.
We vary the selection criteria applied to several other uncorrelated variables such as invariant masses, event shape, and helicity angles ͑see Secs. IV B, IV C, and IV D͒. We conservatively assign a single systematic uncertainty due to the efficiencies associated with these many selection criteria, equal to the quadratic sum of the average of the absolute values of the observed changes in branching fraction for each variable. None of the various observed changes contribute in a dominant way to the total systematic uncertainty due to event selection.
The uncertainties from the counting of BB pairs, from the branching fractions of D ( * )0 and h 0 secondary decays ͓6͔, and from the statistics of the Monte Carlo samples used to determine the signal acceptance, are also considered.
The systematic uncertainties described above are listed in Table VI for all the modes reported in this paper. It is seen that the dominant systematic uncertainties are due to the event selection, from ␥, 0 , and detection, from the m ES fitting procedure, and from the D ( * )0 and h 0 branching fractions.
IX. RESULTS
A. Branching fractions
The branching fractions of the color-suppressed modes reported in this paper and their statistical and systematic uncertainties are listed in Table VII ͓2͔ experiments are also shown. The precision of the results on the branching fractions presented in this paper can be compared to the precision of existing measurements as listed in Table I .
In some cases theoretical predictions are more precise for ratios of branching fractions than for branching fractions themselves ͓15,29͔. An example is the ratio of
ties partly cancel in the measurement of ratios so they are also more precisely determined experimentally. We compare measured ratios of branching ratios to theoretical predictions in 
where the amplitudes A 1/2,D ( * ) and A 3/2,D ( * ) correspond to pure Iϭ3/2 and Iϭ1/2 isospin eigenstates. This leads to the triangle relation: 
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If the relative strong-interaction phase between the twoisospin amplitudes (␦ D ( * )) is equal to zero, the interference between these isospin eigenstates is maximally destructive for the color- Table X .͒ Various theoretical approaches that relax the conditions of naive factorization are being pursued in an effort to understand the emerging pattern of color-suppressed decay rates ͓10,16,29,31͔.
X. SUMMARY
We present measurements of the branching fractions for the color-suppressed decays B Ϫ4 . They are all significantly larger than theoretical expectations based on naive factorization and therefore present a challenge for the theoretical interpretation. These results strongly suggest the presence of final-state rescattering effects.
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